Objective: To determine the dose of hyperbaric bupivacaine 0.5% required for unilateral spinal anesthesia during diagnostic knee arthroscopy. Patients and methods: This prospective, randomized, clinical study was performed in 80 patients who were assigned to four groups to receive different doses of intrathecal hyperbaric bupivacaine (5 mg, 7.5 mg, 10 mg and 12.5 mg in Groups 1, 2, 3, and 4 respectively). Onset of sensory and motor block, hemodynamic changes, regression of motor block, and incidence of complications were recorded. Results: Unilateral sensory block was reported in 90% and 85% of patients in Group 1 and Group 2, respectively, but not in any patient in Group 3 and Group 4. Unilateral motor block (modified Bromage scale 0) was reported in 95% of patients in Group 1, 90% in Group 2, and only 5% in Group 3, while no patient in Group 4 showed unilateral motor block. The time required for regression of motor block (Bromage scale 0) was prolonged with higher doses. The incidence of nausea, vomiting, and urine retention was similar in the study groups. Conclusion: Unilateral sensory and motor block can be achieved with doses of 5 mg and 7.5 mg hyperbaric bupivacaine 0.5% with a stable hemodynamic state. However, 7.5 mg of hyperbaric bupivacaine 0.5% was the dose required for adequate unilateral spinal anesthesia.
Introduction
Patients undergoing orthopedic surgery are of different ages and sizes. Regional analgesia and anesthesia are often beneficial for these patients. Knee arthroscopy is a common orthopedic procedure. This operation includes both diagnostic and operative procedures. The choices of anesthesia are as varied as the operations done through the scope, and include general blocks, central neuraxial blocks, peripheral nerve blocks, and intra-articular local anesthetic techniques. 1 In the last decade, bupivacaine has been the most frequently used agent for spinal and epidural anesthesia. 2, 3 In ambulatory surgery, such as diagnostic knee arthroscopy, bupivacaine may delay the recovery of motor function and cause urinary retention, leading to delayed discharge. 4, 5 Unilateral spinal anesthesia is frequently used in lower limb surgery. 6, 7 Several advantages are claimed for this anesthetic technique, including fewer hemodynamic complications, 8 selective block on the operated side, avoidance of unnecessary paralysis on the nonoperated side, better mobilization during the recovery period, lower incidence of postoperative urine retention, 9 as well as good patient satisfaction. 10 To achieve successful unilateral anesthesia, several factors are required, including needle correspondence: hosam M Atef Department of Anesthesiology, Faculty of Medicine, suez canal University, ismailia, egypt email hosamatef375@yahoo.com submit your manuscript | www.dovepress.com
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Atef et al shape and bevel direction, site and speed of injection of anesthetic, volume, baricity, and concentration of the anesthetic solution, as well as an appropriate degree of operating table inclination. 11, 12 Moreover, patient posture is thought to be fundamental in determining the level of anesthesia spread, particularly when a hyperbaric anesthetic solution is used. 13 Previous studies have failed to determine the ideal dose of local anesthetic to achieve unilateral spinal anesthesia. Therefore, our aim was to evaluate the influence of the dose of hyperbaric bupivacaine on the success of unilateral spinal anesthesia by assessment of maximum sensory and motor block on the operative and nonoperative sides during knee arthroscopy and its effect on hemodynamics.
Patients and methods
This study was carried out as a prospective, randomized, double-blind clinical trial. After approval of the local ethics committee and informed patient consent was obtained, 80 male and female patients undergoing diagnostic knee arthroscopy in routine surgical theaters at the Suez Canal University Hospital in Ismailia were enrolled in this study. Inclusion criteria were American Society of Anesthesiologists (ASA) score I-II, age 21-50 years, body mass index ,30 kg/m 2 , and height 160-180 cm. Patients with skin infection at the site of regional anesthesia, coagulopathy, taking anticoagulant drugs, having allergy to local anesthetic drugs, hypovolemia, low fixed cardiac output, neurologic disorder, or spine deformity were excluded from the study. The patients were randomly allocated into four groups (n = 20 each) receiving different doses of hyperbaric bupivacaine 0.5%. Group 1 received 5 mg, Group 2 received 7.5 mg, Group 3 received 10 mg, and Group 4 received 12.5 mg. All patients were given 2 mg midazolam intravenously as premedication, as well as an intravenous infusion of 7 mL/kg of lactated Ringer solution. Standard monitoring was used, including noninvasive blood pressure, electrocardiogram, peripheral pulse oximetry, and respiratory rate measurements.
Procedure for spinal anesthesia
All patients were placed in a lateral position on the operative side, while the vertebral column was positioned as horizontally as possible. Under complete aseptic technique and after back sterilization, dural puncture was performed using a midline approach at the L3-L4 interspace with a 25 gauge spinal needle. Using sealed envelopes prepared according to a computer generated randomization table, patients were randomly allocated to one of four groups. Patients in each group received different doses of bupivacaine (Marcaine Spinal Heavy, Astra, Sweden), ie, Group 1 received 5 mg bupivacaine 0.5% 1 mL, Group 2 received 7.5 mg bupivacaine 0.5% 1.5 mL, Group 3 received 10 mg bupivacaine 0.5% 2 mL, and Group 4 received 12.5 mg bupivacaine 0.5% 2.5 mL. After observation of free flow of cerebrospinal fluid, the spinal needle aperture was turned toward the dependent side and the selected dose of local anesthetic solution was injected slowly with an injection speed of 0.5 mL/10 seconds without further aspiration maneuvers. Patients were maintained in the lateral decubitus position for a 20-minute period, after which patients were turned to the supine position. 11, 14 An independent blinded observer evaluated the evolution of sensory and motor blocks on both sides immediately after turning the patient supine for 20 minutes after the block, and then after 10 minutes. Sensory block was assessed as complete loss of sensation to pinprick (via a 23 gauge hypodermic needle). Motor block was assessed using a modified Bromage scale whereby patients were asked to flex the limb at the hip, knee, and ankle joints, and the results were recorded as 0 = no motor block, 1 = hip blocked, 2 = hip and knee blocked, 3 = hip, knee, and ankle blocked. 9 Patients were judged ready for surgery when complete loss of pinprick sensation was reported at T12 on the operative limb.
Hemodynamic parameters were recorded. Postoperative analgesia included oral ketorolac (50 mg every eight hours), with the first dose administered before surgery by the intravenous route. 9 Requirement for rescue analgesia was recorded. Intravenous tramadol 50 mg was given. Motor and sensory block was monitored in the postanesthesia care unit at 10-minute intervals until time to complete regression of spinal block. Occurrence of adverse events, including nausea, vomiting, pruritus, and urine retention was also recorded.
Statistical analysis was performed using the program SPSS version 15 (SPSS Inc, Chicago, IL). Demographic data, onset times to anesthetic block, and surgery times were analyzed by one-way analysis of variance (ANOVA), whereas changes over time were analyzed with a two-way ANOVA for repeated measures. Categoric variables were analyzed using contingency table analysis and the Chi-square test with the appropriate corrections. Continuous variables were presented as means ± standard deviations. Categoric data were presented as numbers and percentages. A P value , 0.05 was considered statistically significant.
Results
There were no significant differences in age, gender, body mass index, and duration of surgery between the patients in the four groups (Table 1) . No statistically significant difference was submit your manuscript | www.dovepress.com
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hyperbaric bupivacaine for spinal anesthesia found between the four groups for heart rate changes during surgery (Figure 1 ). There was a statistically significant decrease in mean arterial blood pressure in Group 3 and 4 patients who had been injected with 10 mg and 12.5 mg, respectively. In Group 3, this drop lasted for only 15 minutes and, thereafter returned to near baseline values, while in Group 4 this drop remained until the end of the operation ( Figure 2 , Table 2 ).
Sensory block on the nonoperative side was significantly less than that on the operative side. In Group 1 and in Group 2, strict unilateral anesthesia was reported among 90% and 85% of patients, respectively, in whom the level of sensory block on the operative side was T10 and T8, respectively. In groups 3 and 4, none of the studied patients showed strict unilateral spinal anesthesia and the sensory block in the non-operative Figure 1 heart rate changes throughout the operation among the studied patients in the 4 studied groups. Figure 2 Mean arterial blood pressure changes (mmhg) throughout the operation among the studied patients in the 4 studied groups. side reached T12 and T8 levels, respectively, while the level of sensory block in the operative limb reached T6 and T5, respectively (Tables 3, 4 , and 5).
Motor block on the operative side was statistically significant when compared with the nonoperative side (P , 0.05).
Motor block on the operative side in Groups 2, 3, and 4 was statistically significant compared with motor block on operative side in Group 1, while no statistically significant difference was reported when comparing pairs of the former three groups. Unilateral motor block (modified Bromage submit your manuscript | www.dovepress.com
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hyperbaric bupivacaine for spinal anesthesia scale 0) was reported in 95% of patients in Group 1, 90% in Group 2, and only 5% in Group 3, while none of the patients in Group 4 showed unilateral motor block ( Table 6 ).
The time required for regression of motor block (Bromage scale 0) was more prolonged with higher doses and the difference was statistically significant. The regression time was 59.8 (55-100), 98.3 (60-120),123.9 (60-150), and 148.9 (110-180) minutes for Groups 1, 2, 3, and 4 respectively. The incidence of nausea, vomiting, and urine retention was similar in the four study groups (Table 7) .
Discussion
The ideal selective spinal anesthesia for knee arthroscopy would provide minimal or no motor blockade at the end of the surgical procedure, such that the patient can be fast tracked. 5 Using a minidose of lidocaine-fentanyl 15 or hyperbaric bupivacaine, 16 Ben-David et al discharged their knee arthroscopy patients at 145 minutes and 202 minutes, respectively.
As regards the hemodynamic effects of different doses of hyperbaric bupivacaine during surgery, no statistically significant differences were found between the four study groups with regard to heart rate changes during surgery. Hemodynamic benefits have also increased interest in unilateral spinal anesthesia. Hypotension is a common complication of spinal anesthesia, occurring in 15% 17 to 33% 18 of patients when larger doses of local anesthetic have been used. Unilateral spinal anesthesia with hypobaric or hyperbaric bupivacaine was associated with less hypotension, 19, 20 which is consistent with our results.
In our study, unilateral spinal anesthesia (regarding sensory block) was reported by 90% and 85% of patients in Group 1 and Group 2, respectively, while in Group 3 and Group 4 none of the studied patients showed unilateral anesthesia. For motor block, unilateral anesthesia was recorded in 95% of patients in Group 1, 90% in Group 2, and only 5% in Group 3, while none of the patients in Group 4 showed unilateral spinal anesthesia.
Valanne et al 21 compared the effect of 4 mg and 6 mg of hyperbaric bupivacaine for spinal anesthesia in 106 ambulatory adult patients undergoing knee arthroscopy. They found that both doses produced efficient and adequate sensory and motor block. However, rapid regaining of motor function was reported with the lower dose. L5  L4  L3  L2  L1  T12  T11  T10  T9  T8  T7  T6 
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Atef et al In our study, the time to regression of motor block was found to be significantly increased with increasing the injected dose of hyperbaric bupivacaine, with mean times of 59.8, 98.3, 123.6 and 148.9 minutes in Groups 1, 2, 3, and 4, respectively.
In another study, Fanelli et al 9 compared unilateral and conventional bilateral bupivacaine spinal block in outpatients undergoing knee arthroscopy. In the unilateral group, they used 8 mg of hyperbaric bupivacaine 0.5% in 50 patients in lateral decubitus position after spinal injection was maintained in the unilateral group for 15 minutes. They found that, for the unilateral group, sensory and motor blocks on the operated limb were T9 (T12-T2) with a Bromage score 0/1/2/3 in 0/2/3/45 patients, respectively, in the unilateral group. Two segment regressions of sensory level and home discharge required 81 ± 25 minutes and 281 ± 83 minutes with bilateral block, and 99 ± 28 minutes and 264 ± 95 minutes with unilateral block.
Borghi et al 22 carried out a prospective, randomized, blinded study among 90 ASA I and II outpatients scheduled for elective knee arthroscopy. After placement of the patients in the lateral decubitus position, they received spinal block with 4, 6, or 8 mg of 0.5% hyperbaric bupivacaine on the operative side, injected slowly with the needle orifice directed toward the dependent side using a 25-gauge Whitacre needle. The lateral decubitus position was maintained for 15 minutes. The maximum level of sensory block on the operative and nonoperative sides was, respectively, T10 (T12-T6) and (,L2) in the 4 mg group, T8 (T12-T6) and (,L5) in the 6 mg group, and T7 (T12-T5) and (,T10) in the 8 mg group. Unilateral sensory block was observed in 27 patients in the 4 mg group (90%), 28 patients in the 6 mg group (93%), and 23 patients in the 8 mg group (77%, P , 0.28). Complete unilateral motor block was observed in 29 patients in the 4 mg group (97%), 28 patients in the 6 mg group (93%), and 28 patients in the 8 mg group (93%, P = 0.80). No failed blocks were reported. Complete regression of spinal anesthesia required 71 ± 20 minutes in the 4 mg group (range 40-110 minutes), 82 ± 25 minutes in the 6 mg group (range 30-160 minutes), and 97 ± 37 minutes in the 8 mg group (range 50 to 120 minutes).
Analysis of side effects showed that the injected dose did not affect the incidence of side effects, such as nausea, vomiting, urinary retention, or need for analgesia.
Although our study was different from other studies regarding dose, position, and patients being kept on the lateral side for 20 minutes, our results were found to be consistent with earlier ones because higher doses of hyperbaric bupivacaine were associated with higher levels of maximum sensory and motor block and longer duration to achieve regression of sensory block.
Conclusion
Unilateral sensory and motor block, a faster recovery profile, and a stable hemodynamic state can be achieved with doses of 5 mg and 7.5 mg of hyperbaric bupivacaine 0.5% injected slowly through pencil-point directional needles in patients who are maintained in the lateral decubitus position for 20 minutes. However, 7.5 mg of hyperbaric bupivacaine 0.5% was the dose required for adequate unilateral spinal anesthesia with adequate sensory and motor block. Table 7 Time to regression of motor block (Bromage scale 0), incidence of complications, and rescue analgesia requirements 
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